The mouse cell line, BALB/c 3T3, and its derivatives transformed either spontaneously or by treatment with a variety of external agents, were analyzed for cytoplasmic RNA 37) . DNA synthesized by the RNA-dependent DNA polymerase on the viral RNA template is a sensitive and specific probe for detecting viral nucleic acid sequences, and has been used to detect viral-related RNA in avian and mammalian cells infected with and producing RNA tumor viruses (8, 20, 25) , and in cells transformed by RNA tumor viruses but not producing virus (12, 20, 40) .
Cs2SO, density gradients and by analysis with a single-strand-specific nuclease from Aspergillus oryzae. Viral DNA products prepared either from an endogenous reaction with whole virus in the presence of actinomycin D or from purified 70S viral RNA as template using avian myeloblastosis virus DNA polymerase yield comparable data. In addition, all of the BALB/c lines examined produce detectable levels of murine type C virus group-specific antigen.
Type C viruses, as a class, contain singlestranded 70S RNA (15) and an RNA-dependent DNA polymerase (9, 37) . DNA synthesized by the RNA-dependent DNA polymerase on the viral RNA template is a sensitive and specific probe for detecting viral nucleic acid sequences, and has been used to detect viral-related RNA in avian and mammalian cells infected with and producing RNA tumor viruses (8, 20, 25) , and in cells transformed by RNA tumor viruses but not producing virus (12, 20, 40) .
Several lines of evidence indicate that the genetic information coding for type C RNA viruses can be present in vertebrate cells without release of complete viral particles. For example, virus-free clonal cell lines can release infectious virus either spontaneously (1, 33, 38) , or after treatment with various chemical and physical agents (3, 22, 27) . These biological observations have been supported by molecular hybridization studies which demonstrate the presence of nucleic acid sequences homologous to the type C viral RNA in the DNA of many normal cells (10, 42) . Recently, Hayward and Hanafusa (21) have reported the detection of avian type C virus-specific RNA in virus nonproducing chicken cells that contained the avian tumor virus group-specific antigen. It has been demonstrated further by radioimmunoassay that all murine cell lines examined con-' tained low levels of one of the structural virion proteins, the group-specific (gs) antigen (29) . Whether this low level of expression represented complete virus synthesis by a few cells or partial expression of the viral genome was not clear from these studies.
The current studies were undertaken to examine the extent of transcription of the type C viral genome in an uninfected murine cell line, BALB/c 3T3, and in derivatives of this line which are transformed either spontaneously, by radiation, methylcholanthrene, a DNA virus (SV40), B77 strain of avian sarcoma virus, or by Kirsten strain of sarcoma virus. None of these cell lines produces detectable extracellular type C virus as determined by a supernatant viral reverse transcriptase assay (31) or by a cocultivation infectivity assay with a sensitive indicator cell line (NIH/3T3) (Lieber and Todaro, in press).
The hybridization of virus-specific, radioactive DNA to cellular or viral RNA was measured by sedimentation in Cs2SO4 density gradients and by hydrolysis of the products of the reaction mixture after the addition of a single-strandspecific nuclease purified from Aspergillus oryzae (5, 36 (39) .
The normal rat kidney line (NRK) has been described previously (14) . Virus transformed NRK cells included a Kirsten sarcoma virus transformed nonproducer, K-NRK clone 32 (4) , and a line transformed by Kirsten sarcoma virus which produces both the Kirsten strain of leukemia virus and Kirsten sarcoma virus.
Viruses. The preparation of Kirsten sarcoma virus (Ki-SV) also containing Kirsten murine leukemia virus (Ki-MuLV), and that of Ki-MuLV alone have been described previously (11) . S2CL3 virus was obtained from supernatant fluids of S2CL3 cultures by isopycnic banding. Avian myeloblastosis virus (AMV) was obtained from J. Beard, Durham, N.C. These viruses were concentrated and purified as previously described (31) .
Extraction of viral RNA. 70S viral RNA was extracted from purified virions by disruption with 1.0% sodium dodecyl sulfate (SDS) and purified by velocity sedimentation in a 15 to 30% sucrose density gradient as described previously (32 (11, 25) . Thus, the appearance of trichloroacetic acid-precipitable radioactivity after hybridization to RNA can be used to measure the formation of RNA: DNA hybrids. Percentage of hybridization is defined as the acidprecipitable radioactivity resistant to nuclease S I divided by the total acid-precipitable radioactivity present in the reaction measured in the absence of S,.
The fact that single-stranded RNA as well as DNA is a substrate for the enzyme must be considered in the design of hybridization experiments involving nuclease S,. Usually, mixtures of 3H-DNA product and the RNA that are being annealed are maintained at -70 C while identical mixtures are incubated at 41 C, and both are hydrolyzed together at the end of the hybridization. The presence of up to 2 mg of RNA raised the amount of non-S1 degradable 3H-DNA product by about 1 to 5% (20-100 counts/min) over that of product degraded in the absence of RNA. Because of its ease of'preparation (5, 36) , its tolerance to high salt concentrations and low levels of formamide (5, 11, 25, 36) , and its stability during storage (11), S, nuclease also has certain advantages over the single-strand-specific nucleases which have been isolated from mung bean sprouts (6) and from Neurospora crassa (26) .
Mouse type C virus group-specific antigen assay. The radioimmunoprecipitation assay for the murine intraspecies-specific (gs 1) antigen was performed as previously described (35) . The total cell extracts were adjusted to a protein concentration of 10 to 50 mg/ml, and dialyzed against 0.15 M NaCl, 0.01 M sodium phosphate, pH 7.2. Purification of AMV polymerase. AMV polymerase was purified by phosphocellulose chromatography from purified virus as described for the murine type C virus polymerase by Ross et al. (31) .
RESULTS
Hybridization of viral 3H-DNA products to cytoplasmic RNA. the presence of some hybridized regions of the 3H-DNA product which are digested by nuclease S1 (11) . RNA extracted from the Kirsten sarcoma virus transformed nonproducer (K-A31) hybridizes to 41%i. of the Ki-SV-(MuLV) DNA probe, SVT2 RNA to about 9.0%, TuT3 RNA about 6.0%'c, and BALB/c 3T3 clone A31 RNA yields approximately a 2% hybridization level.
To examine the specif icity of these initial data, DNA copies of viral RNA were also prepared, in the presence of actinomycin D, from the endogenous BALB/c virus (S2CL3) and from a sarcoma virus-free stock of Kirsten murine leukemia virus. To rule out the possibility that cellular RNA, possibly present in the virion, might be transcribed into DNA, a DNA product was also synthesized from purified Ki-SV-(MuLV) 70S RNA template which had been isolated on a sucrose density gradient. This 70S viral RNA was incubated in the presence of actinomycin D with AMV polymerase that had been purified by phosphocellulose chromatography. An Table 2 varied by approximately 20% of the percentages listed in the separate experiments.
The various 3H-DNA products appear to be specific for murine type C information, since 55 to 72% of the nucleic acid sequences are homologous to the viral RNA present in Ki-SV-(KiMuLV). The DNA products were also tested for specificity by hybridizing them to cytoplasmic RNA extracted from a human cell line (SV80), rabbit liver, yeast, and a rat cell line, NRK clone 2. These RNAs recognized less than 1% of the information present in the various probes, as can be seen from To clarify this situation, some of the cytoplasmic RNA preparations were chromatographed on an oligo(dT)-cellulose column. As has been previously described for RNA extracted from K-A31 cells (34) , this procedure enriches for poly(A)-containing RNA sequences and eliminates ribosomal and transfer RNA from the preparations (7) . Approximately 30 to 50% of the hybridizable RNA is not recovered in the poly(A) fractions, presumably because some of the viral RNA sequences become detached from the poly(A) regions and are therefore not retained. About 0.3 to 1.0% of the cytoplasmic RNA applied is recovered, and a 10-to 40-fold purification of sarcoma-specific RNA is achieved.
Cytoplasmic RNA extracted from K-NRK, R4, SVT2, MC5-5, and SV80 cells was purified by dT-cellulose chromatography, and the RNA samples were tested for hybridization with all of the 3H-DNA probes listed in Table 2 Figure 3A shows the profile of this 3H-DNA product after incubation with yeast RNA. After annealing the 3H-DNA product to A31 RNA, the amount of radioactivity in the region of buoyant density from 1.60 to 1.68 g/cm3 (23) is increased by about 50 counts/min (Fig. 3D) . This represents approximately 2% of the input 3H-DNA radioactivity. Figure 3B depicts the results of annealing 800 Mg of K-A31 cytoplasmic RNA to the DNA product; 24% of the total radioactivity recovered bands in the 1.60 to 1.68 g/Cm3 density region. After annealing 800 Mg of SVT2 RNA to the DNA, 6%S of the radioactivity bands in the hybrid region (Fig. 3C) hybridized with various RNA preparations. Approximately 2,700 counts/min of the 3H-DNA product prepared from 70S RNA and AMV polymerase was present in each gradient and represented 90%o of the input radioactivity. A, 3H-DNA product after hybridization with no RNA or 800 ug ofyeast RNA. B, 3H-DNA product after hybridization to 800 ,g of K-A31 RNA. C, Hybridization to 800 Mg of SVT2 RNA. D, Hybridization to 800 jig of A31 RNA. The arrows bracket the region between densities of 1.60 to 1.68 g/c3, and the numbers above them represent the actual radioactivity present in that region. 
DISCUSSION

ADDENDUM IN PROOF
We have recently found that various BALB/c cell lines contain at least two distinct classes of endogenous type C viral genomes (Benveniste, Lieber, and Todaro, Proc. Nat. Acad. Sci., in press): These genomes are only partially homologous (33%) as determined by RNA: DNA hybridization and exhibit different host ranges for replication. Which of these viral genomes is transcribing the type C virus-specific information described here has not yet been resolved.
